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FURTHER STUDIES OF A FIBROUS KERATIN PRECURSOR
FROM THE HUMAN EPIDERMIS*
DAPHNE ANDERSON ROE, Ml)., M.R.C.P.
In a previous paper, I reported the extraction of a fibrous protein from the
human epidermis, using 75 % lithium bromide. The properties of this substance
have also been discussed (1). This protein has been thought to be a fibrous keratin
precursor at a stage prior to the stabilization of the molecule by disulfide cross-
linking.
The source of this protein, within the epidermis, and the changes in the epi-
dermis following its extraction are the subject of the present study.
MATERIALS AND METHODS
Samples of human epidermis and of full thickness human skin from the leg and
sole were extracted with 75 % lithium bromide for varying periods of time. Con-
trol specimens were immersed in water for equal periods. The specimens were
then fixed in 10 % formalin and processed in the routine manner for paraffin sec-
tions. Sections were cut and stained with hematoxylin and eosin. For the demon-
stration of tonofibrils and intercellular bridges, Mallory's phosphotungstic acid
hematoxylin method was used (2). The distribution of sulfhydryl groups was
shown with Barnett and Seligman's method (3). The Ninhydrin-Schiff reaction
(4) was applied to identify the extracted material as a protein. The violet color
produced when ninhydrin reacts with the alpha amino acids diffuses too rapidly
to be of practical use in protein identification. However, the aldehyde formed
from the oxidized amino acid residues may be demonstrated by the Schiff reagent.
The action of proteolytic enzymes on the lithium bromide extracted skin and
on control specimens was also observed (5).
The influence of pH on the binding of acid and basic dyes by the epidermal
protein film and by skin sections was studied. The acid dye orange G and the
basic dye methylene blue was used in this study. Following the work of Singer and
Morrison (6), the isoelectric point of the fibrous epidermal protein was deter-
mined by the dye uptake method (Table I).
RESULTS
1) Changes in the Epidermis following Lithium Bromide Extraction
The first observable changes occurred approximately 1 hour after immersion
in lithium bromide. These consisted of intercellular and intracellular edema, ac-
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TABLE I
Staining of epidermal protein film and skin sections to show influence of pH on dye uptake
Stain Concentration Time pH Range
Methylene bi
Orange G
ue 2.5 X 1O M
2.5 X 1O M
18 hrs.
18 hrs.
3—8
2—5
companied by the presence of an amorphous eosinophilic material. This material
first appeared in the upper Malpighian layer and between the granular and
horny layers. By the end of 3 hours (Figure 1), the eosinophilic material was
present in large masses throughout the cellular epidermis and clefts had formed
in the Malpighian layer.
After 3 hours extraction, the sections stained with Mallory's phosphotungstic
acid hemotoxylin revealed disruption of intercellular bridges and partial dis-
appearance of tonofibrils (Figure 2).
Further extraction led to progressive loss of cellular structure and gradual
disappearance of the eosinophilic material. After 17 hours very small amounts of
Fm. 1. Sole Skin. Left: Extracted 3 hours with 75% LiBr. Intercellular and intracellular
edema with masses of amorphous material in the epidermis. Right: Water control H and E.
x155.
FIG. 2. Sole Skin. Left: Extracted 3 hours with 75% LiBr. Disruption of intercellular
bridges and partial disappearance of tonofibrils. Right: Water control showing persistence
of intercellular bridges and tonofibrils. Mallory's phosphotungstic acid hematoxylin X750.
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FIG. 3. Sole Skin. Left: Extracted 48 hours with 75% LiBr. Loss of cellular structure in
the epidermis. Right: Water control. H. and E. X155.
the eosinophilic material persisted iii the lower Malpighian layer. This material
was totally absent after 40—48 hours. At this stage, there was pronounced loss of
cytoplasmic structure in the cellular epidermis (Figure 3). However, in spite of
the gross changes in the cellular epidermis, the horny layer was not affected by
the prolonged lithium bromide extraction.
In water treated controls, no changes occurred except for mild intracellular
edema.
The tonofibrils were completely destroyed after 48 hours' extraction. The
fibrous epidermal protein has been found to have a very low sulfhydryl content.
It was, therefore, interesting to find a persistence of sulfhydryl staining in the
cellular epidermis after 48 hours extraction with 75 % lithium bromide. However,
there was diminished staining in the keratogenous zone.
2) The Identification of the Eosinophilic Material in the Epidermis
It seemed to be of considerable interest to identify the amorphous eosinophilic
material seen early in the extraction process.
A positive Ninhydrin-Schiff reaction characterized this material as a protein.
The epidermal protein is digested by trypsin but not by pepsin. Similarly, the
eosinophilic material was also digested by trypsin but not by pepsin (Table II),
(Figure 4).
The isoelectric point of the epidermal protein, as determined by the dye
method, was found to be 4.5 (Figure 5). When the dye method was applied to
TABLE II
Action of proteolytic enzymes on the amorphous eosinophilic material extracted with lithium
bromide
1. Sole skin extracted for 3 hours with 75% LiBr.
2. Subsequent treatment (45 mm.)
A. Trypsin, 0.1% in buffer pH 7.6
Resulls i,e paraffin sections
Digested
B. Phosphate buffer pH 7.6 Present
C. Pepsin, 1:1000 in 0.1 N HC1 Present
1). 0.1 N HCI Present
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FIG. 4. Sole Skin. Left: Extracted 3 hours with 75% LiBr, and subsequently for 45 min-
utes with 0.1 per cent trypsin in phosphate buffer, pH 7.6. Digestion of amorphous material.
Right: Extracted 3 hours with 75% LiBr, and subsequently for 45 minutes with pepsin
1:1,000 in 0.1 N HCI, showing presence of amorphous material. H. and E. X145.
Fio. 5. The influence of pH on the staining of epidermal protein film with acid (Orange
G) and basic dye (methylenc blue).
Dye concentration 2.5 X 10 M. Isoelectric point 4.5.
tissue sections, the proteins of the skin responded to the pH variations in a
manner similar to that of the epidermal protein. The amorphous material took up
both methylene blue and orange G and minimal staining by both dyes occurred at
approximately pH 4. 0. The discrepancy in p11 readings between the epidermal
protein film and the amorphous material in the skin sections can be explained by
the formalin fixation of the latter material.
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DISCUSSION
When human epidermis is extracted with lithium bromide, the significant
early changes consist of a disruption of intercellular bridges and tonofibrils
accompanied by the appearance of an amorphous eosinophilic material in the
upper Malpighian layer and between the granular and horny layers.
Stoughton has found that the disintegration of the tonofibrils and intercellular
bridges can be accomplished by a variety of factors (7). It, therefore, appears
that various physical and chemical assaults upon the protein constituent of these
fibrillary structures can bring about their dissolution.
Ward and Lundgren (8) pointed out that keratins exhibit similar properties to
the tonofibrils. They proposed that these structures consist of extensive combina-
tions of potentially soluble units joined by two or more chemical bonds. Because
of the differences in chemical nature and environment, these bonds could he
expected to show varying degrees of specificity and reaction with available bond
breaking reagents. Therefore, units of different sizes can be derived from a single
parent keratin by the use of different solubilizing agents.
If the tonofibrils and intercellular bridges consist of a keratin precursor, then
the fibrous epidermal protein could be a keratin precursor extracted from them
and solubilized by hydrogen bond cleavage.
The amorphous eosinophilic material has been found to be a protein which is
trypsin soluble and which has an isoelectric point of approximately 4. 0. This
evidence suggests that it is the same substance as the fibrous epidermal protein.
The later cytolysis of the cells of the Malpighian layer by lithium bromide,
may be simply interpreted that in the absence of the fibrous epidermal protein,
these cells no longer maintain their structure. The theory that this protein is a
keratin precursor has already been supported by physical and chemical studies.
The presented histological studies would seem to further uphold this hypothesis.
SUMMARY
The effect of lithium bromide on the epidermis was studied in histological
material. It was found that this reagent first caused disruption of intercellular
bridges and tonofibrils accompanied by the appearance of an amorphous material
in the upper Malpighian layer and between the granular and horny layers. With
prolonged time of extraction, this material disappeared and there was progressive
loss of structure in the cells of the Malpighian layer.
The amorphous eosinophilic material was identified as a trypsin soluble and
pepsin resistant protein with an isoelectric point of about 4. 0.
It is suggested that this material is identical with the presumed keratin pre-
cursor extracted with lithium bromide.
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